Abstract. Job-shop scheduling is one of the most important problems in workshop scheduling and is significant for improving production efficiency. This paper proposes a hybrid fruit fly algorithm based on bi-objective job-shop scheduling. Based on the existing fruit fly optimization algorithm, the paper presents a hybrid step-size olfactory search method to improve search efficiency. It uses the global collaboration mechanism to increase diversity and cooperation of the fruit fly population, to avoid falling into the local optimum and escape premature convergence, and to make the algorithm have more opportunities to jump away from the local extrema. This paper proposes the external essence of a library evolution strategy based on the crowding-distance approach to objectively determine the multi-objective fitness value, and strategically guide the hybrid fruit fly algorithm to evolve to the Pareto fronts. The simulation results show that the algorithm is simple and has strong global optimization ability for effectively solving the bi-objective job-shop scheduling problem.
Introduction
As an abstract model with many practical production-scheduling problems, job-shop scheduling is a typical NP-hard complex optimization problem [1] . In the actual production process, most job-shop scheduling problems are optimized combinations and multiple objective decision-making methods. Therefore, it is of great significance for research on multi-objective optimization in a job-shop.
There are several methods to solve multi-objective scheduling problems in a job-shop. Precise algorithms include the branch-and-bound and the integer programming methods, which mainly solve small-scale scheduling problems. In addition, there are heuristic algorithms that include scheduling rules, neural networks, artificial intelligence, and neighborhood search methods. A swarm intelligence optimization algorithm is a metaheuristic optimization algorithm that simulates the behavior of a social group. It can solve the multi-objective job-shop scheduling problem [2] with a large probability within a feasible time interval. Sinha A et al. [3] designed a progressive hybrid evolutionary algorithm to solve the problem of dual objective job-shop scheduling. Lu-Qiao FAN and others proposed a mechanism of exchange and mobility to improve the efficiency of mediation [4] . Based on the concept of machine tool load equality, Tao WANG and others proposed a balanced genetic algorithm [5] for advanced manufacturing shops. Lei D et al. [6] suggested a particle swarm optimization (PSO) algorithm based on Pareto files. Further, Sha D Y et al. [7] proposed a multi-objective particle swarm optimization algorithm to transform the problem of multi-objective scheduling to continuous optimization. Qian B et al. [8] constructed a meta algorithm based on differential evolution to solve the multi-objective job-shop scheduling problem. Xiao-Tao LI et al. [9] , in view of the non-deterministic polynomial (NP) properties of job-shop scheduling problems and spatial distribution of large valley properties, presented a hybrid optimization algorithm for the multi-agent genetic algorithm and adaptive simulated annealing algorithm, which was used to find the shortest scheduling with maximum completion time. Wen-Peng ZHANG et al. [10] proposed an improved bat algorithm for a class of job-shop scheduling problem with the goal of minimizing maximum completion time. From this, it can be observed that the study of using swarm intelligence optimization algorithm to solve the multi-target job-shop scheduling problem has gradually gained wider attention from both academia and engineering professionals.
The fruit fly optimization algorithm is a kind of swarm intelligence optimization algorithm designed for mimicking the foraging process of a fruit fly [11] [12] . The algorithm simulates the olfactory and visual search behavior of fruit flies during foraging: due to their keen sense of smell and vision, fruit flies approach food by constantly updating their positions. This optimization mechanism can be regarded as repeated application of multi-operator operations to the fruit fly population, ceaselessly replacing poor solutions with better results, and eventually allowing the fruit fly population to find the corresponding feasible solution set containing the most optimal or approximate solutions. Compared with other swarm intelligence optimization algorithms, this optimization has characteristics such as a simple process, fewer parameters, stronger robustness, easier to understand, and implementation on a computer; however, it needs to be improved on the issue of easy prematurity. Because a fruit fly optimization algorithm has shown good optimization performance in many applications, it was introduced to solve production-scheduling problems. However, there are relatively few studies applied to job-shop scheduling and fewer studies on the combination of bi-objective job-shop scheduling problems. Therefore, this paper designs a hybrid fruit fly algorithm based on bi-objective job-shop scheduling.
The proposed algorithm is a hybrid step-size olfactory search based on the fruit fly optimization algorithm, which improves search efficiency. The algorithm's global collaboration mechanism is used for increasing the diversity of the population and cooperation of the fruit fly population to ensure that the algorithm has better prospects so that it can escape from the local extremum to prevent easy prematurity and avoid falling into the local maximum. In addition, it proposes the Euclidean close degree based on the entropy weight of each sub-target as the fitness value allocation strategy, which can objectively determine the multi-objective fitness value and guide the hybrid fruit fly algorithm to evolve into Pareto fronts.
Mathematical Model of Job-shop Scheduling for Double-object Job
General requirements for job-shop scheduling problems [13] : n workpieces have m processes that are processed on m machines. The processing time of workpiece i on machine k is fixed, and the priority of workpiece processing is not considered. Notably, only one workpiece is machined on one machine, and the process is not interrupted. The buffer capacity between machines is infinite. Let , ik P denote the machining time of workpiece i on machine k , and , ik C denotes the length of time to complete the machining of workpiece i on machine k . Overall, the job-shop scheduling problem should meet the following constraints.
,,
1,if machine machinings workpiece earlier than machine = 0, else
1,if workpiece is machined earlier than workpiece on machine 0, else
Among them, M is a greater positive constant, ,
 , and equation (1) represents the process constraint conditions, and processing of the same work process has the order; equation (2) represents the machine's constraint conditions, namely the same machine processes only one working order at a time; equation (3) represents the completion time variable approximately. Equation (4) indicates the value of the indication variable, and equation (5) shows the indication coefficient. Overall, the job-shop scheduling problem differs according to the actual production situation. There are multiple optimization objectives: minimizing the maximum completion time of the workpiece, total idle time of the machine, total task delay time, maximum inventory capacity, and total process time. This paper aims to find a process-scheduling scheme for each process on the machine, to minimize the maximum completion time of the workpiece, and minimize total idle time of the machine under constraint conditions. In this paper, the above two sub-objectives are selected to solve the multi-objective optimization scheduling problem. The basic mathematical model for the multi-objective job-shop scheduling problem is described as follows:
The mathematical model of each sub-target is as follows:
2) Total idle time of a machine
Bi-objective Job-shop Scheduling with Hybrid Fruit Fly Algorithm Coding Method and Population Initialization
Based on the job-shop's hybrid fruit fly optimization algorithm, each scheduling scenario represents one Drosophila individual. Each scheduling scheme uses process-based coding rules, i.e., each scheduling scheme consists of NM  elements, which represent the sequence of a process. For example, one of the scheduling solutions of the three workpieces multiplied by three machines is 121331223 , and its processing sequence is   , , , , , , , , J J J J J J J J J . This sequence indicates that the first process is performed on workpiece 1, followed by the first process of workpiece 2, and then the second process of workpiece 1, which is performed sequentially until process 3 of processing workpiece 3 is completed. Therefore, it can be decomposed into a scheduling method when calculating the following goals. In addition, individuals in the initial population of Drosophila are generated in a random manner.
Mixed-step Olfactory Search Strategy
This paper focuses on the discrete shop-scheduling problem. The solution for this scheduling problem is relatively wide. For getting an optimal solution, it is difficult to achieve a single one-step strategy. Therefore, this paper proposes a mixed-step olfactory search strategy. The mixing step is to generate a variety of step sizes during the iteration of the fruit fly algorithm and to retain the newly generated Drosophila individuals at a certain probability.
The hybrid step-search strategy produces a variety of step numbers in each iteration because encoding is based on process-based coding, so the step size is generated based on the sequence of the processes. In the mixed-step search strategy, S location of each fruit fly individual in the Drosophila population is randomly selected. Under the condition of not destroying the sequence of the process, two positions are selected in the order of S, the processes of the two positions are exchanged to calculate the fruit fly individual after the exchange, and the results are compared with the original. On comparing fruit flies, the result is removed if it less than a certain probability and retained if the probability is higher.
In the mixed search strategy, S stands for the position selected in the individual encoding of Drosophila, f represents the set probability, and K represents the number of all the two-two combinations in S. A Drosophila individual is taken as an example to illustrate the whole search process:
(1) Order k=0; (2) In S, a new fruit fly individual is obtained by selecting two numbers without destroying the sequence of processes, and the target values are calculated. K is saved according to the probability of f, and 1 is added to the fly; (3) When k<K, repeat step 2, retain the new Drosophila individual, and search when k=K ends.
Global Collaboration Mechanism
This paper uses the global collaboration mechanism [14] to increase diversity across the Drosophila population, avoid falling into the local optimum, and to increase cooperation between the Drosophila populations.
External Essence of Library Evolution Strategy Based on Crowding Distance
When using the fruit fly algorithm to solve multi-objective job-shop problems, it is necessary to consider the balance between global and local search capabilities while pursuing solution efficiency for assuring comprehensiveness of the solution [15] . In the multi-objective fruit fly optimization algorithm, although olfactory search based on random probability is introduced, the possibility of falling into a local optimum exists. In the multi-objective fruit fly optimization algorithm, the quality of the external essence library directly affects the overall optimization effect. Adjusting the solution of the external essence library ensures the diversity of Pareto optimal solution sets. Therefore, this paper proposes a crowding distance strategy. By calculating the crowding distance of Drosophila individuals in the external essence library, Drosophila individuals are searched for in relatively sparse regions to increase the diversity of the Pareto solutions; in turn, this makes the algorithm locally searchable. Thus, global search reaches a dynamically balanced state. . The crowding distance calculation formula for individual i is as follows:
The size of the crowding distance that is calculated based on the above formula sorts the Drosophila individuals from big to small, and removes the non-dominated solutions with smaller crowding distances from the elite database to maintain the original size of the elite library. 
Algorithm Flow
This paper aims to solve a bi-objective optimization problem. Based on this, a bi-objective fruit fly optimization algorithm is designed. A mixed-step search strategy was introduced in the algorithm, which increased the possibility of fruit fly search. A global collaboration mechanism is introduced to avoid optimizing optimization into the local optimum. The selection operation of the dual target fruit fly optimization algorithm introduces the Euclidean closeness based on the entropy weight of each sub-target as the fitness value allocation strategy. The flow in Figure 2 
Simulation
Simulation examples in this paper were tested using the international standard job-shop scheduling problems, including FT (FT06, FT10), LA (LA26, LA27, and LA28) and ABZ (ABZ5, ABZ6, ABZ7, and ABZ8). The goal of optimization is to minimize the maximum completion time for all workpieces and to minimize the total flow time for all artifacts, and to compare with the intensity Pareto evolution algorithm. The parameter setting of this algorithm is as follows: take the population size as the maximum number of iterations maxgen = 100. In order to compare the performance of the algorithm, this paper uses the following two quantitative indicators:
(1)Pareto optimal solution number This indicator represents the ability of each algorithm to search for optimized solutions. The number of searched optimization solutions can reflect the search ability of this algorithm. Table 1 is the experimental result. Table 2 is a comparison of the C indicators of the two algorithms, where B represents the algorithm and S represents the intensity Pareto evolution algorithm. From Table 1 , it can be seen that for the two test problems LA26 and LA28, the number of Pareto optimal solutions obtained by the algorithm search is less than or equal to the Strength Pareto Evolutionary Algorithm (SPEA), respectively. For testing other problems, the algorithm obtains the Pareto most. Number of optimal solutions is greater than that of the SPEA, and it can be concluded that the ability of the algorithm to search for Pareto optimal solutions is better than that of the SPEA. From Table 2 it can be seen that among all the problems tested, the C(S, B) of the majority problem is smaller than C (B, S), indicating that the algorithm proposed in this paper is obviously superior to the SPEA. =0.1938 . Thus, it can be concluded that the performance of the algorithm proposed in this paper is obviously better than that of the SPEA.
Summary
The job-shop scheduling problem is a typical combinatorial optimization problem and is a recognized NP-hard problem. Based on the Fruit Fly Optimization Algorithm, the hybrid fruit fly algorithm proposed in this paper has a mixed-step search method and a global cooperation mechanism to increase cooperation between the Drosophila populations and avoid falling into a local optimum. Increasing population diversity will give the algorithm more opportunities to jump from local extrema to avoid precocity. Because it is difficult to select the fitness value of the multi-objective optimization problem uniformly, the Euclidean close degree based on the entropy weights of each sub-target is used as the fitness value allocation strategy. This ensures that the multi-objective fitness value is relatively objectively determined and can provide better guidance to the hybrid fruit fly algorithm to evolve towards the Pareto fronts. Through simulation experiments, it can be observed that the bi-objective hybrid fruit fly algorithm has less parameter settings and stronger robustness over other algorithms. This proves that the hybrid fruit fly algorithm is feasible and effective in solving production-scheduling problems. However, whether the fruit fly search algorithm is feasible for large-scale job-shop scheduling problems will be a direction for future research.
